Dysfunctions a¡ecting the connections of basal ganglia lead to major neurological and psychiatric disorders.We investigated levels of mRNA for three neurexins (Nrxn) and three neuroligins (Nlgn) in the globus pallidus, subthalamic nucleus, and substantia nigra, in control conditions and after short-term exposure to cocaine. The expression of Nrxn2b and Nlgn3 in the substantia nigra and Nlgn1in the subthalamic nucleus depended on genetic background. The development of short-term cocaine appetence induced an increase in Nrxn3b expression in the globus pallidus. Human NRXN3 has recently been linked to several addictions. Thus, NRXN3 adhesion molecules may play an important role in the synaptic plasticity of neurons involved in the indirect pathways of basal ganglia, in which they regulate reward-related learning. NeuroReport 19:751^755 Fig. 3 Comparison of the expression of Nrxn2b, Nlgn1, and Nlgn3 in the STN and SN.Qualitative-PCR assessments of Nrxn1b (a) Nlgn1 (b), and Nlgn3 (c) expression in the STN (b) and SN (a, c) for two di¡erent genetic backgrounds (OF1and C57). *Po0.05, Student's t-test. C57, inbred mouse; OF1, outbred; SN, substantia nigra; STN, subthalamic nucleus.
Introduction
Addiction raises major public health issues [1] . The underlying pathophysiology of addiction may be seen as the usurpation of neural processes that normally serve rewardrelated learning, changing the synaptic plasticity of the subgroups of neurons involved [2] . Adhesion molecules are involved in synaptic plasticity in both the development and function of synapses [2, 3] . Neural cell adhesion molecules, neuronal cell adhesion molecules, and L1 cell adhesion molecules have been shown to be deregulated by various types of addiction, including cocaine, opiate, and alcohol dependence, respectively [4] [5] [6] .
We investigated the direct and indirect circuits of basal ganglia [7] , which are known to be involved in motor control, habit, and reward learning [8, 9] . We analyzed two families of cell adhesion molecules, neurexins (Nrxn) and neuroligins (Nlgn) [10] . The molecular basis of the differential function of direct and indirect circuits has begun to be elucidated with the demonstration of differential patterns of gene expression resulting in different forms of synaptic plasticity [11, 12] . Nrxn1 was recently shown to be differentially expressed between the direct and indirect pathways of basal ganglia [11] .
We first analyzed molecular differences in the globus pallidus (GP) and subthalamic nucleus (STN) of the indirect pathway and the susbtantia nigra (SN) (both reticulata and compacta parts) of the direct pathway, microdissected with the help of a laser from mice of two different genetic backgrounds. We used outbred (OF1) and inbred (C57BL/6J) mice to investigate if gene expression for Nlgn and Nrxn could depend on mice strain. We applied a short-term protocol of cocaine-induced place preference [13, 14] to characterize an increase in the expression of Nrxn3b in the GP of C57BL/6J mice.
Methods

Animals
We used 3-week-old male OF1 and C57BL/6J mice (Charles Rivers Laboratories, 5 mice per group) for strain comparisons of Nrxn/Nlgn gene levels expression and C57BL/6J (18-20 g; male) mice for cocaine-induced place preference.
Cocaine-induced place preference
We followed the 5-day paradigm described in two previous studies [13, 14] . C57BL/6J (18-20 g; male) mice received daily intraperitoneal injections of cocaine (15 mg/kg) or saline over the course of 3 days. An unbiased conditioning protocol was used. The place preference apparatus consisted of two main square conditioning compartments (15 Â 15 Â 15 cm) with distinct walls separated by a triangular central division. Mice were tested for 18 min in the apparatus on day 1 to ensure that they displayed no bias toward any chamber of the apparatus (preconditioning phase). Mice that spent more than 11 min in any one compartment were excluded from the experiment. On days 2, 3, and 4, mice received a saline injection on one side of the apparatus in the morning. Four hours later, they received a cocaine injection on the other side of the apparatus. Each conditioning session lasted 30 min (conditioning phase). On day 5, mice were placed in the apparatus for 18 min, and the time spent on either side of the apparatus was determined (testing phase). We calculated a score for each mouse by subtracting the time spent in the cocaine or saline compartment on day 5 from that spent in the same compartment on day 1.
Laser-assisted microdissection
Mice were decapitated and their brains were rapidly removed, embedded in Tissue-Tek (Sakura, Tokyo, Japan), and frozen in isopentane chilled at À301C with dry ice. Coronal sections (10 mm thick) were obtained at À201C with a Leica CM3050S cryostat (Rueil-Malmaison, France) from the GP, STN, and substantia nigra, located 0.1-1.06, 1.7-2.3, and 2.54-3.88 mm posterior to bregma, respectively, according to a stereotaxic mouse brain atlas [15] . Laser-assisted microdissection was performed on these sections on polyethylene naphthalate membrane slides (Leica). The sections were allowed to dry for 3 min, were then stained with 1% cresyl violet (4 min) successively washed with absolute ethanol (1 min) and water (20 s), and were allowed to dry for 3 min. Laser-assisted microdissection was performed on a Leica ASLMD instrument with LMD 5.0 and IM1000 software (Leica). For each mouse, samples of each structure were collected and combined in a single tube cap, which was filled with extraction buffer used for total RNA extraction (Arcturus Picopure kit, Alphelys, Plaisir, France).
RNA extraction and reverse transcription from microdissected structures RNA was extracted from samples with the Arcturus Picopure kit, used according to the manufacturer's instructions (Alphelys). Extracts were also treated with DNase I (Qiagen, Courtaboeuf, France; 14 units per sample). Detailed protocol of reverse transcription is available on request.
Quality control for the RNA extract The RNA extracted from the subregions was assessed by electrophoresis with an Agilent bioanalyzer triggered with 2100 expert software and the RNA pico chip 6000 kit (Agilent, Massy, France). The samples analyzed had similar RNA integrating number values, ranging from 5 (SN) to 6.5 (STN).
Primers and probes
The sequences used for real-time quantitative PCR (Q-PCR) are available on request.
Real-time quantitative PCR
For each gene, real-time Q-PCR assays were performed in triplicate for the three regions and normalized using mRNA for the corresponding b-2 microglobulin gene in an Opticon system (Biorad, Marnes-la-Coquette, France). RNA extracted from total brain was used to establish reference curves.
Statistical analysis
Student's t-tests were used for analysis, with Welch's correction when required.
Results and discussion
The GP, STN, and SN were microdissected using a laser capture device (the STN is shown in Fig. 1c and e; GP and SN data not shown). We first validated our microdissection procedure by studying Pitx2 transcripts, which are produced in large amounts specifically in the STN [17] . Realtime Q-PCR showed Pitx2 transcript levels to be high in this structure (data not shown), consistent with in-situ hybridization results for the Pitx2 gene (from Allen Brain Atlas data, Fig. 1b and d ; high-resolution pictures provided by Dr Lein, Allen Brain Atlas Laboratories) [18] . The STN produced only small amounts of the Gfap transcripts encoding glial fibrillary acidic protein, but larger amounts of Nfl transcripts, encoding neurofilament light (68 kDa) protein, than the GP and SN, suggesting that STN is a neuronal structure with few Gfap-expressing glial cells ( Fig. 2a and b) .
For further validation, we assessed the levels of expression of Vglut2, a bona fide marker for glutamatergic neurons, and Gad1, a bona fide marker for g-aminobutyric acidergic neurons. As expected, only the STN expressed Vglut2, whereas Gad1 was expressed by the GP and SN ( Fig. 2c and  d ; quantitative data are provided on request). We also used Q-PCR to quantify Nrxn1b, Nrxn2b, Nrxn3b, Nlgn1, Nlgn2, and Nlgn3 expression in the GP, STN and SN (Fig. 3) . Nrxn2b and Nlgn3 expression in the SN was significantly lower and Nlgn1 expression in the STN was significantly higher in C57 mice than in OF1 mice (P¼0.03; P¼0.03, and P¼0.02, respectively, Fig. 3 ).
We then investigated the expression of Nrxn/Nlgn genes in the GP, STN, and SN in control conditions and after short-term cocaine administration. Mice were injected with saline or cocaine (15 mg/kg, i.p.) for 3 days and were selected on the basis of conditioned place preference using a paradigm similar to that described in two previous studies [13, 14] ( Fig. 4) .
Nrxn3b expression in the GP of mice exposed to cocaine was twice that in control mice (P¼0.01) (Fig. 5c ). Furthermore, both Nrxn1b and Nlgn1 tended to be overexpressed in the GP (P¼0.08 and P¼0.07, respectively Fig. 5a and d) . The difference in Nrxn3b expression levels in the GP of cocainetreated and control mice is consistent with recent findings that the human ortholog of Nrxn3, NRXN3, is associated with nicotine, opioid, and alcohol dependence [19] [20] [21] . This gene has also recently been shown to be associated with polysubstance addiction [22] . These data suggest that NRXN3 deregulation in the GP neurons involved in the indirect pathway of basal ganglia may be a molecular trigger for the synaptic changes detected during the development of addiction [2] . Furthermore, the trend observed for the Nrxn1b and Nlgn1 genes suggests that short-term cocaine exposure may increase the expression of these two genes. An analysis of the levels of these transcripts after longer periods of exposure to cocaine might identify significant changes in expression. Modifications to genes encoding Nrxns/Nlgns have recently been reported, with mutations in NRXN1 identified in autism and schizophrenia [23, 24] and mutations in NLGN3 identified in autism [25] , reinforcing the interest to decipher their expression in specific brain regions from mice models. Fig. 4 Cocaine-induced place preference score. C57BL/6J mice were given daily intraperitoneal injections of cocaine (15 mg/kg, C57 cocaine) or saline (C57 saline) for 3 days. The CPP score (in seconds) is the di¡erence between the time spent in the compartment associated with cocaine or saline minus the time spent in the same compartment before injection (CPP score). *Po0.05, Student's t-test.
Conclusion
Our results suggest that short-term cocaine exposure is sufficient to induce changes in the Nrxn/Nlgn repertoire in the brain nuclei of the indirect pathway of the basal ganglia. Nrxn3 deregulation in the GP neurons may induce changes in both the presynaptic GP neurons and in the postsynaptic STN neurons, as Nlgns-Nrxns interactions link postsynaptic and presynaptic function [10] . As it is possible to manipulate gene expression in these neuronal structures in mice, the use of the approaches described here may be instrumental to unravel the molecular modifications induced early in cocaine appetence.
